Objective: The potential toxic effects on the immune system exerted by occupational and accidental environmental exposures and underlying molecular regulatory mechanisms involved in the etiology and progression of infectious diseases are now being characterized. The Bhopal gas tragedy is undoubtedly one of the worst industrial disasters in the history of mankind. After 25 years of accidental exposure to methyl isocyanate (MIC), severe systemic ailments still continue to preoccupy the lives of the affected population that survived this tragedy. We have performed a molecular surveillance study to characterize hepatitis and tuberculosis infections amongst the first and the second generation of survivors exposed to MIC. Materials and Methods: Both outdoor and indoor patients referred for molecular diagnosis of hepatitis B virus (HBV), hepatitis C virus (HCV) and Mycobacterium tuberculosis (MTB) were examined. Qualitative analysis for HBsAg, anti-HBc, anti-HCV through ELISA was performed, while BacT/ALERT and Ziehl-Neelson technique were utilized for the assessment of tuberculosis. Detection and quantification of viral and bacterial nucleic acid and characterization of hepatitis genotypes were analyzed using real-time and end-point PCR techniques. Results: The results suggest that HBV infections are most common among the MIC-exposed cohort, followed by extra-pulmonary and pulmonary MTB and HCV infections. Genotype 3 is the most prevalent HCV genotype among the survivors. Failure to detect HBsAg, anti-HBc and anti-HCV through ELISA, and tuberculosis by culture and Ziehl-Neelson stain, indicates higher prevalence of occult hepatitis and latent tuberculosis in the affected population. Conclusions: Our study underscores the importance of hospital-based records used as a data source for monitoring possible environmental health hazards. As the risk of progress of infection is often influenced by conditions and periods of environmental chemical exposure, therefore, insights of interconnected molecular pathways will further illuminate the gene-environment association and might offer valuable information for rational drug design.
coherent efforts to comprehend the long-term morbidity studies in the affected population. In the past, hospital-based records were seldom utilized as a data source for monitoring possible occupational health effects [17] . In the current study, we have performed a retrospective analysis of molecular diagnostics records for the surveillance of hepatitis and Mycobacterium tuberculosis (MTB) infections amongst the first and the second generation of survivors of the Bhopal gas tragedy. Data from January 2006 to March 2010 on the tests conducted at Research Wing, Bhopal Memorial Hospital and Research Centre, Bhopal India, a super specialty medical institute embarked upon the responsibility of providing free health care to the affected population has been analyzed.
MATERIALS AND METHODS

Subject Selection
During the period from January 2006 to March 2010 samples from the outdoor and indoor patients visiting different clinical departments of Bhopal Memorial Hospital & Research Centre, Bhopal, India were referred to Research Wing for molecular diagnosis of hepatitis B virus (HBV), hepatitis C virus (HCV) and MTB. EDTA blood was collected for the detection of HBV and HCV, while different body fluids including plural fluid, bronchial alveolar lavage, CSF and pus were collected for diagnosis of pulmonary and extra-pulmonary MTB. In addition, formalin fixed and paraffin embedded tissue specimens were also collected for screening extra-pulmonary MTB. As the study was institutionalized after two decades of the organic exposure, a very careful and deliberate attempt was made to characterize the subjects to ensure that they were indeed exposed to MIC. The exposure of the subjects to MIC was ascertained on the basis of the following criteria: a) Physical presence and address of stay on the night of the MIC leak from the factory; b) Distance from the factory; c) Protective measures taken, at the time of the gas
INTRODUCTION
Environmental alterations that are imperceptible, but perilous, resulting from human activities pose a new threat and a global challenge. Demographic factors such as population growth, increased urbanization, and alteration of habitats of disease-carrying insects and animals have been related to the spread and outbreak of infectious and malignant diseases [1] . Patterns of antimicrobial resistance and disease surveillance studied in recent decades have been comprehensively attributed to the global rise in the levels of air, water and soil pollution [2] . Pesticides, air pollutants, industrial waste and heavy metals, through a broad array of genetic and epigenetic mechanisms, have significantly altered the immune cell functions, thereby imposing a greater threat to human lives than infections [3] [4] [5] . The Bhopal gas tragedy represents the worst industrial disaster in the history of modern world. After 25 years of organic exposure to accidental leakage of methyl isocyanate (MIC), severe illnesses including ocular, respiratory, reproductive, immunological, genetic and psychological ailments still continue to haunt the lives of the population that survived this tragedy [6] . The cause and genesis of the accident, spectrum of health effects, constituents of the toxic gas cloud and their possible role in the causation of adverse effects are well-debated [7] . Thanks to cellular model systems, the molecular mechanisms underlying the toxico-genomic implications of MIC exposure have now been better understood [8] [9] [10] [11] [12] . However, it has been increasingly realized that the study of the human aspect of the tragedy had perhaps been neglected. A modest number of published findings is limited to histopathological reports especially concerning lungs and small cross-sectional studies delineating symptomatology and clinical morbidity in the survivors [13, 14] . Recently, indepth molecular investigations have provided ample evidence of immunological alterations in the MIC-exposed cohorts [15, 16] . These findings call for institutionalizing 
HCV genotyping
Following the quantification, identification of HCV genotypes was done using Linear Array HCV genotyping kit (Roche Diagnostics, Mannheim, Germany) as per the supplier's protocol. Briefly, HCV RNA was amplified through COBAS AMPLICOR (Roche Diagnostics, Mannheim, Germany) using biotinylated primers and the amplicon was subjected to hybridization with the genotype specific probes attached on genotyping strips. After hybridization, the attached amplicon was washed and an enzyme (Horse radish peroxidase) was added followed by the addition of a substrate (3,3'-tetramethylbenzidine + H 2 O 2 ) to develop a band which is specific to a particular genotype. The developed bands were analyzed in order to identify a genotype using a reference strip [22] . 
Qualitative assessment
Qualitative assessment of HBV and HCV was performed by following the kit protocol for the detection of HBsAg, anti-HBc and anti-HCV, while BacT/ALERT 3D system (bioMérieux Inc., North Carolina, USA) and classic ZiehlNeelson technique were utilized for the qualitative assessment of MTB [18] [19] [20] .
Quantification of MTB DNA through LC PCR
Bacterial DNA was isolated from the fluid and tissue specimens by using DNeasy Blood & Tissue kit and following all necessary instructions from the manufacturer. Realtime assay was performed in thus extracted DNA with the help of fluorescence resonance energy transfer probes using standard kit protocol. Absolute quantification of IJOMEH 2011;24(1) 97 infections in the cohort exposed to MIC. The results of our study suggested that HBV infections are most common among the MIC-exposed cohort. A sample of the total of 644 subjects was referred for the screening for HBV out of which 417 (64.75%) subjects were found to be positive through real time PCR. The overall positivity of males was also observed to be higher than that of females and the maximum number of positive cases was observed in the males aged 28-40 years. In addition, false negative qualitative diagnosis (HBsAg-ELISA) of 33 cases (12 samples from the age group 28-40 years; 15 samples from the age group 40-60 years and 06 subjects from the age group 60-80 years) was also observed. Approximately all of these 33 subjects (except 2) were reported positive for the presence of anti-Hbc antibody, while real time PCR screening confirmed the presence of HBV DNA in all of these samples. No false negative or positive case in real time PCR screening was observed, which was confirmed by the specified negative, positive and internal controls (Table 1) . In case of HCV, a total of 284 subjects were screened for the probable HCV infections, out of which 89 subjects were reported positive for HCV RNA. Unlike that of HBV, the maximum number of cases were from males from the age group 40-60 years. This group also reported 3 false negative cases through routine qualitative
RESULTS
A total of 36 wards with the population of approximately 559 835 subjects were marked as being "gas-affected", by the State Department of Bhopal Gas Tragedy Relief and Rehabilitation. This exposed population has been reported to suffer from chronic ailments such as pulmonary fibrosis, bronchial asthma, chronic obstructive pulmonary disease, emphysema, recurrent chest infections, keratopathy and corneal opacities (ICMR Report). Bhopal Memorial Hospital & Research Centre, a super-specialty medical institute, is embarked upon the responsibility of providing tertiary health care services to the surviving population of the tragedy. The hospital has issued "smart cards" having unique identification numbers to all individuals affected due to the organic exposure. The smart cards and cross-examination of the patient's details from the medical records section of the hospital was verified for each individual included in the present work. We assured that the individuals included were from affected zones of Bhopal Gas Tragedy (within 2.5 km from the plant). Since 26 years have elapsed, the individuals born after 3 December 1984 (presently below 26 years) were excluded from the study. The present study aimed at molecular epidemiological surveillance of Mycobacterium tuberculosis and hepatitis in 106 samples. The maximum occurrence of these infections was observed in the males from the age group of 60-80 years. Moreover, classical detection methodologies (culture and AFB staining) failed to detect the MTB presence in 8 cases, which were later reported positive for the presence of MTB DNA (Table 3) . Out of 377 extra-pulmonary cases, a total of 128 subjects were observed to be positive, while 249 subjects were reported negative. Extra-pulmonary MTB infections were more prevalent in the group of males aged 40-60. Apart from this, routine culture and AFB staining failed to detect the presence of MTB (false negative) in 27 real time PCR positive extra-pulmonary subjects. The specificity of the assay was confirmed by specified negative, anti-HCV ELISA, which were later found to be positive for the presence of HCV RNA through real time PCR. Specified negative, positive and internal controls were run with each PCR test to ascertain the specificity of the assay (Table 2 ). In addition, genotypic analysis revealed that the maximum HCV positive subjects were infected from genotype 3 with traces of genotype 1. The distribution of genotype 3 was observed in 85.39% cases (76 out of 89), while 14.44% (13 out of 89) patients were found to be infected with genotype1. Surveillance of MTB infections was done for both pulmonary and extra-pulmonary occurrence. For pulmonary infections, a total of 280 subjects were screened out of which the presence of MTB DNA was confirmed * Total samples screened: 280.
MOLECULAR SURVEILLANCE IN MIC-EXPOSED POPULATION O R I G I N A L P A P E R S
IJOMEH 2011;24 (1) 99 polyurethane products. Detailed mechanistic insights of patho-physiological implications resulting from occupational and large-scale accidental exposures have received little attention. In-depth molecular studies have shown that exposure to MIC in-utero in the first trimester of pregnancy results in repercussion of the immune system function [26] , while exposures at other ages result in significant immune-toxicity and elevated levels of circulating inflammatory biomarkers, including interleukin and cytokines [27] . Hence, the effect of such exposures on the initiation or exacerbation of various opportunistic infections as a result of immune compromised conditions is most likely. The results of the molecular surveillance patterns suggest that HBV infections are most common among the MIC-exposed cohort, followed by extra-pulmonary and pulmonary MTB and HCV infections (Table 1 -4) . We also observed that genotype 3 is the most prevalent HCV genotype among the survivors. In addition, an interesting observation was that routine qualitative investigations (HBsAg; anti-HBc, anti-HCV ELISA for HBV, HCV; culture, AFB stain for MTB) failed to diagnose the infections several times, indicating the higher prevalence of occult hepatitis and latent tuberculosis in the affected population. Therefore, there is an urgent need to institutionalize population-based large cohort studies to understand the positive and internal controls and all the real time PCR positive subjects responded positively to the standard ATT -(HERZ) 2 (HR) 10 therapy (Table 4) .
DISCUSSION
Environmental toxin exposure often involves direct effects on health outcomes, but infectious disease transmission is typically more complex, depending on factors such as dynamic environmental and ecologic systems, patterns of contact among populations, and host immune status. However, interactions between pathogens and toxicants are undeniable and multiple points have been identified between initial environmental toxin exposure and infectious diseases like hepatitis at which toxicant pathogen interaction occurs [23] . Growing evidence also suggests that environmental toxic exposure modulates the immune system function making an individual more susceptible to MTB infections [24, 25] . In addition, causal relationship between toxico-genomic/epigenetic alterations in the germ line and transgenerational propensity to develop such infections seems to be biologically plausible [26] .
Isocyanates, a group of low molecular weight aromatic and aliphatic compounds containing isocyanate (-NCO-), are widely used in pesticide industry and for manufacturing genome-wide association of occult hepatitis and latent tuberculosis in the MIC-affected inhabitants of Bhopal. The role of environmental, occupational and accidental chemical exposures in the etiology and progression of infectious diseases is beginning to be characterized. However, several important aspects need to be addressed, including individual's genotypic susceptibility to various infectious diseases to environmental exposures. Fostering collaborations between researchers and clinics can lead to a better understanding of complex exposures and infectious diseases related to them. The pace of immune function changes resulting from gene-environmental interaction at the population level needs to be characterized for translational utility.
